This paper reports the qualitative and quantitative analysis (QA) of mixtures of hallucinogens, N,N-dimethyltryptamine (DMT) (1), 5-methoxy-(1a) and 5-hydroxy-N,N-dimethyltryptamine (1b) in the presence of -carbolines (indole alkaloids of type XII) {(2), (3) and (5)}. The validated electronic absorption spectroscopic (EAs) protocol achieved a concentration limit of detection (LOD) of 7.2.10 -7 mol/L {concentration limit of quantification (LOQ) of 24.10 -7 mol/L} using bands ( max ) within 260±0.23-262±0.33 nm. Metrology, including accuracy, measurement repeatability, measurement precision, trueness of measurement, and reproducibility of the measurements are presented using N,N-dimethyltryptamine (DMA) as standard. The analytical quantities of mixtures of alkaloids 4, 6 and 7 are:  max 317±0.45, 338±0.69 and 430±0.09 for 4 (LOD, 8.6.10 -7 mol/L; LOQ, 28.66 6 , mol/L), as well as 528±0.75 nm for 6 and 7 (LOD, 8.2.10 -7 mol/L; LOQ, 27.33 3 , mol/L), respectively. The partially validated protocols by high performance liquid chromatography (HPLC), electrospray ionization (ESI), mass spectrometry (MS), both in single and tandem operation (MS/MS) mode, as well as matrix/assisted laser desorption/ionization (MALDI) MS are elaborated. The Raman spectroscopic (RS) protocol for analysis of psychoactive substances, characterized by strong fluorescence RS profile was developed, with the detection limits being discussed. The known synergistic effect leading to increase the psychoactive and hallucinogenic properties and the reported acute poisoning cases from 1-7, make the present study emergent, since as well the current lack of analytical data and the herein metrology obtained contributed to the elaboration of highly selective and precise analytical protocols, which would be of interest in the field of criminal forensic analysis.
Substituted N,N-dialkyltryptamines have been found to possess strong hallucinogenic effects [1] , but, although DMT has been assigned as a potent hallucinogen, it is inactive orally due to degradation by visceral monoamine oxidase in the presence of indole alkaloids (IAs) of type XII (or -carbolines) These are highly active inhibitors of monoamine oxidase, protecting, as well, DMT and its derivatives from deamination by the enzyme and rendering the substituted tryptamines orally active [1] . Thus the hallucinogenic tryptamine analogues and IAs-XII represent an important class of naturally occurring or chemically synthesized drugs of abuse. As a result of their escalating popularity, acute poisoning cases, and synergistic effects increasing the psychoactive biological activity [2] , the studied chemicals have attracted the attention of the criminal forensic, clinical, pharmaceutical, and public-health communities.
The instrumental flexibility of MS and RS provide unique features for analytical elaborations, and establishment of highly precise and selective protocols. Thus, continuing with our studies in this field [3] , herein we report the data for the analysis of mixtures of IAs-XII and substituted DTM (Scheme 1) by EAs, RS, HPLC-ESI-MS/MS, and MALDI-MS methods, allowing determination of unknown natural extracts [4] , as well as semi-synthetic and synthetic mixtures. The study will be of interest in the field of forensic chemistry, since the protocols are applicable for analysis of the metabolism of psychotomimetic tryptamine-derivatives, which are drugs of abuse, by studying human samples, such as plasma, blood, urine and others.
Electronic absorption spectroscopy: Method development and metrology:
The band positions ( j max ) and integral absorbances (A j ) obtained by non-linear (NL) mathematical approaches by EAs of Figure 1 : Mathematical non-procedure electronic absorption spectra of the studied alkaloids in acetonitrile: n-propanol (1:1); Mathematical procedure spectra by baseline correction method (a); Quantitative dependences of the integral absorbance versus the concentration within the shown ranges (C, x10 -7 mol/L) (b). Table 2 : Electronic absorption spectroscopic data of 1 and standard sample of DMA, obtained by three repeated measurements of three samples ( Figure 2 Figure S4) . In contrast to 2-5, as well as other -carbolines of the harmane and harmanol types [3d], the most intensive RS mode of 6 and 7 is the complex molecular vibration  as (O)CH3 + NH(=C) + C=N +d NH at 1350 cm -1 ( Figure S4) . Thus, the QA of N-dimethyl-tryptamines in mixtures with 6 {resp. (7)} is performed using namely the mode at 1350 cm -1 (7) . The frequency at 1441 cm -1 for 1b is employed. Although, the development of analytical protocols in criminal forensic analysis by IR-spectroscopy has become more prevalent [6a] , the herein studied hallucinogens are characterized by strongly overlapped IR-bands [5] , decreasing the metrology criteria. In an attempt to obtain more accurate analytical information, we elaborated a protocol, based on the high intensive frequencies in the Raman spectra (Table 6 ), but nonetheless, the above mentioned difficulties were encountered [3] .
A confidence level of 99.3% was achieved; however, the quantity is lower than the usually obtained ones of > 99.9%, thus limited by the chemometric approaches. Such for example, the NL curve-fitting (CF) method ( Figure S5 ) yielded three sub-modes at a level of confidence between 97.9-98.4% (Table 6 ). The "peak" area at 1328 cm -1 , however, made no contribution to the area quantity at 1350 cm -1 . Since, the above factors caused the "raised" spectroscopic profile; the CF method was applied at the number of peaks (NP) of 3, aiming maximal coincidence between the experimentally achieved and approximated spectroscopic curves (red solid line in Figure S5 ). The physical meaning of the RS frequencies (resp. IR-bands) is confirmed by the polarized measurements [3, 6] . At NP < 3, r 2 values < 0.9213 were obtained.
HPLC-ESI-MS/MS and MALDI-MS: Method development and metrology
Validation was obtained, using 1 as standard, within the frame of the linear model, the shown concentration range, and with a solution of 0.5 % HCOOH in methanol. The peak area was selected as the criterion (Tables 6,7 ). The chromatographic conditions were optimized, achieving a good resolution of the analyte peaks, employing a wavelength range of 200-600 nm. The 1 is identified at 288 nm (Figures 2,3 ). The MS of N,N-dimethyl tryptamines and alkaloids are analysed by the known fragmentation scheme [7] .
The 1, 1a and 1b are identified from their fragmentation pathways, where the cations of N-alkyl species and indole fragments are assigned. The loss of CHN(CH 3 ) or formation of CH 2 N(CH 3 ) 2 charged species dominated. The ESI-MS data revealed peaks at m/z 189.673 (1) (6) and (7) , respectively. The analytical and chemometric data of 1 in mixtures are summarized in Tables 5-7 .
The trueness of measurements was evaluated comparing the standard DMT and 1. The data for 1a and1b and the mixture with the alkaloids are summarized in Table 4 . The performed ANOVA test resulted in a level of confidence of 99.98%. The calibration curves obtained by the HPLC-ESI-MS/MS method are linear within the concentration range of 1.05-9.0 mg/mL. The metrology of 1.03 ng/mL (LOD); 3.43 3 ng/mL (LOD) of 1; 2.21 ng/mL (LOD); 7.36 6 ng/mL (LOD) of 1a; and 1.16 ng/mL (LOD); 3.86 6 ng/mL (LOD) of 1b in the mixtures of 1/2, 1a/3 and 1b/7 was obtained. The analytes Table 6 : Chemometric analysis of the tricomponent mixtures of 1/1b and 7 of the RS patterns depicted in Figure 2 . The peak positions are shown as  j and the intensities of the modes as I j , respectively. 
SD-standard deviation

